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Validation and comparison of nonlinear negative ion extraction theory for two experimental configurations J. H. Whealton (1) , P. S. Meszaros (1), R. J. Raridon (1), K. E. Rothe (1), M. Bacal (2) , J. Bruneteau (2) and P. Devynck (2) (1) Oak Ridge National Laboratory, Oak Ridge, TN [2, 3] (for a review see Ref. [4] ). The results of modelling are compared to experimental results reported by Stevens et al. [5] , as well as with measurements effected in a hybrid multipole source [6] at Ecole Polytechnique.
The hybrid multipole source has been described in detail elsewhere [6, 7] . A cylindrical stainless-steel chamber is surrounded by ten samarium-cobalt magnets, with the south and north poles altematively facing the plasma (Fig. 1) [1] .
The experimental apparatus used by Stevens et al. [5] (described in Refs. [5] and [8] ) is a conventional magnetically filtered multicusp ion source [1] .
The extraction tests employed a high perveance accel-decel extraction system. The emission aperture was 3.15 mm in diameter. The negative ion beam current was measured using a magnetically suppressed Faraday cup.
The negative ion current measured by the Faraday cup -in the experiment of Stevens et al. [5] was plotted as a function of extraction voltage for five different arc currents (see Ref. [8] ). Each of the curves, for a given value of the arc current, has a horizontal plateau whose height is proportional to the arc current. It is apparent in this experimental situation that the plasma density and the negative ion density is proportional to the arc current. These data can be perveance scaled as shown in figure 3 whereupon the whole family can be compressed into a single curve as illustrated. Thus the scaling has meaning ; positive ion extraction is also scalable in the same way. A phenomenological presheath plasma model has been considered to explain these results which are observed to be quantitatively Fig. 3. -Data from the source described by Stevens et al. [5] (see also Ref. [8] figure 3 with the experimental results is at the transition region (denoted B in Fig. 3 A minor disagreement between the theory and the , experiment of Stevens et al. [5] occurs at the highest extraction potentials where the experimental values appear to drop off a little faster than the theoretical values. There is relatively little penetration of the accelerating electric field in these experiments except in this region of highest field.
We turn now to the experimental configuration studied at Ecole Polytechnique where field penetration into the source plasma is dominant over much of the range of examination. In figure 4a are shown the experimental results obtained with the figure 5 . The reason of the slow rise in current at high extraction potential is that the degree of field penetration is increasing with increasing extraction potential. In the plateau region of figure 3 there was no significant field penetration.
We remarked that for the data of Stevens et al. [5] the negative ion current was proportional to the arc current [8] produced results in agreement with the experimental data.
